Bacteria play a vital role in the quality of soil, health, and the production of plants. This has led to several studies in understanding the diversity and structure in the plant rhizosphere. Over the years, there have been overwhelming advances in molecular biology which have led to the development of omics techniques which utilize RNA, DNA, or proteins as biomolecules; these have been gainfully used in plant-microbe interactions. The bacterial community found in the rhizosphere is known for its colonization around the roots due to availability of nutrients, and composition, and it affects the plant growth directly or indirectly. Metabolic fingerprinting enables a snapshot of the metabolic composition at a given time. We review metabolites with ample information on their benefit to plants and which are found in rhizobacteria such as Pseudomonas spp. and Bacillus spp. Exploring plant-growth-promoting rhizobacteria using omics techniques can be a true success story for agricultural sustainability.
Introduction
Soils are home to a variety of bacteria, be they neutral, negative (pathogenic), allelopathic, or beneficial (symbiotic) to plants, and the interactions of these bacteria happen within the soil matrix (Table 1 ). This gives elucidation as to why soils are the most diverse habitats in the planet to the extent that even in harsh soil conditions bacteria still thrive, as reported for the coldest, driest desert on Earth [1] . The plant rhizosphere consists of diverse microorganisms which modulate the physiology and morphology and in the process, improve plant growth through the promotion of hormones and also serve as protectants against plant pathogens [2] . It is a critical zone of soil encompassing the plant root, thereby making it a hot spot of high abundance and diversity of microorganisms. The plant rhizosphere also attracts bacteria from the soil environment, such as the plant-growth-promoting rhizobacteria [3] .
The soil has a great effect on plants and bacteria and vice versa. This is a result of the influence of plants on the soil through rhizodeposits, water, plant litter, gas, and nutrient exchanges [4] . Where rhizodeposits are present, bacteria abound and so such environments are richer in microflora and available nutrients than the external environment, which could be termed as the bulk soil [5] . The interface between root and soil is a strategic entryway for plants to absorb water and mineral nutrients from the soil environment and release rhizodeposits into the soil. These rhizodeposits which occur in different forms facilitate below-ground interactions between plants and microorganisms, and consequently affect the biodiversity of the region. Naturally, root-microbial interactions are very complex since such interactions involve myriads of microorganisms [6] .
Plants, being the major sources of organic carbon in the soil, can be drivers of microbial growth and activity; hence, plants can affect the structure of the bacterial community in the soil [7] . Additionally, plant root-soil and microbial interaction has a key influence on plant community dynamics and nutrient cycling. A transformation in the plant community structure affects litter composition, which changes nutrient turnover rates and soil characteristics. The change in soil characteristics might further cause a change in plant community structure and composition [8] .
Under unfavorable conditions, plant-growth-promoting rhizobacteria alleviate the effects in plants of such parameters as germination rate, drought tolerance, and plant yield components. The use of microorganisms in agriculture for crop protection against plant pathogens and pests because of the metabolites they produce, and also biological control against diseases, may present an alternative for plant disease prevention [9, 10] .
Since microorganisms found in the rhizosphere are important for plant health and biogeochemical cycles, engineering the rhizosphere may finally put an end to the use of agrochemicals by substituting their functions with beneficial microbes. Therefore, understanding the community structure and diversity of active microorganisms in the rhizosphere is key to enhancing plant growth and increasing agricultural productivity [11] . 
Rhizosphere Bacterial Community
The rhizosphere is home to enormous numbers of diverse bacterial species, some of which are culturable and some are yet unculturable. Culturable bacteria form an important part of the rhizosphere, the majority of which are Gram negative [21, 22] . Among such bacteria are the rhizobacteria, which are characterized by aggressive colonization and subsequent establishment on plant roots. Many studies have characterized rhizobacteria in the rhizosphere of different plant species. Rhizobacterial genera viz., Acetobacter, Acinetobacter, Alcaligenes, Arthrobacter, Azoarcus, Azospirillum, Azotobacter, Bacillus, Beijerinckia, Burkholderia, Derxia, Enterobacter, Gluconacetobacter, Herbaspirillum, Klebsiella, Ochrobactrum, Pantoae, Pseudomonas, Rhodococcus, Serratia, Stenotrophomonas, and Zoogloea have been subjected to extensive research for decades [5, 23] and have been implicated for beneficial effects on plant yield components. Of special interest are those that are common and peculiar to a locality [22] and those that have plant-growth-promoting traits such as Pseudomonas fluorescens NWU65, Vibrio fluvialis NWU37, Ewingella americana NWU59, P. putida NWU12 [22] , the Actinobacteria [24, 25] , and many proteobacteria [26] [27] [28] .
The bacterial population in the soil can grow very rapidly and make use of a wide range of different substances as nutrient sources. Over the last decade, the role of plant growth promoting rhizobacteria (PGPR) cannot be overemphasized due to their positive effect on plants. About 2-5% of bacteria found in the rhizosphere have plant-growth-promoting traits. Thus, they are potential tools for sustainable agriculture in the future [29] . The PGPR can promote growth either in direct or indirect ways by means of various mechanisms, which include providing a nitrogen source for plants through nitrogen fixation, applying biological control measures in combating soil-borne pathogens, producing plant growth substances (phytohormones) that improve plant development, and producing metabolites such as siderophores, antibiotics, cyanides, and ammonia [30] .
It is conventional to observe cultivar effects on the bacterial composition of the rhizosphere because of the different compounds released by the root, collectively termed root exudate ( Figure 1 ). Root exudates and other root deposits confer physical and chemical changes to the soil rhizosphere when compared to the bulk soil. The root exudates released are quickly assimilated by the root-associated microbes and modified before being discharged into the rhizosphere soil by microorganisms [8] . The absorption of root deposits by rhizosphere microbes enhances soil quality as seen in a study by Beauregard et al. [31] , where root polysaccharides caused the biofilm matrix production of Bacillus subtilis, a microorganism beneficial to plants. These microbes do not only perceive secreted signals from the plant root, but also release different signaling molecules to control their host plant by improving biotic and abiotic stress tolerance or resistance, plant growth, and root development [8] .
Bacteria in the rhizosphere respond differently to root exudates which stimulate great bacterial biomass and activity. A typical cultivar effect was reported among the cowpea cultivars-Rabuor (Kenya) local, IT95K-286-4, and IT94D-437-1 [9] . The effect of cultivars on pod characteristics was highly significant for certain microbial inoculants and helps in the yield of cowpea plants. 
Factors Controlling the Distribution and Abundance of Bacterial Community in the Rhizosphere
Bacterial functional diversity is the ability of bacterial communities to use a wide spectrum of different compounds such as cellulose, sugars, and lignin that occur in plant tissues and whose proportional abundance changes during decomposition [32] . Other investigations indicate that the type and amount of available organic substrates in the rhizosphere strongly influence the abundance of bacterial groups and their functional diversity [33, 34] . Minerals such as nitrogen and iron can also affect the number of bacteria than can be found in the rhizosphere and change the composition of the rhizobacterial community. It may be possible that potential nitrogen fixing and phosphate solubilizing bacteria add to plant nutrients by improving nitrogen and phosphorus intake by the plants, which could lead to an increase in plant yield [35] .
Rhizosphere-inhabiting bacteria are most likely to emanate from surrounding bulk soil and often times from the seeds, then thrive under conditions that prevail in the plant roots. Plant type, plant age, soil pH, plant growth stages, organic compounds, and nutrient availability are some of the factors that influence the abundance and distribution of rhizobacteria in the soil. In other words, plant species, plant cultivars, plant developmental stages, and soil characteristics have thus been identified as major factors that contribute to the determination of composition of the rhizosphere community [36] .
How Plant Growth Stages Affect Bacterial Community Dynamics
The bacterial communities in the rhizosphere region benefit from the nutrients that are secreted by younger roots and are under constant influence from their environment thus bringing changes to the community. Rhizobacteria are not static; they are subjected to changing environmental conditions of temperature, water content, and nutrient availability. It has been discovered that in young plant roots, bacterial communities are controlled by r-strategists, which are species having growth rates and abilities to make use of simple substrates [37, 38] . As the roots of these young plants mature, there are specific elements of root exudates that can have selective control in the rhizosphere by spurning some species and strengthening the competitive activity and population of other species. As a result, there is a slight movement in dominance to bacterial communities with relatively slow growth rates and those that have the ability to degrade more complex substrates (k-strategists). As the root tips of the plant matures, soil microorganisms will colonize the roots and the population densities will increase rapidly a few centimeters from the root tips, and that is where insoluble, soluble, and volatile root exudates are used by the rhizobacteria for growth and metabolism [39] . The different root zones in a plant can support distinct bacterial communities showing the differences in root exudation qualitatively and quantitatively [40] . Soil type also plays a crucial role in the determination of the unique dominant bacteria that colonize the rhizosphere [41] . Therefore, the rhizosphere bacterial population belonging to the same plant species may differ both spatially and temporally.
Plant-Root Interactions in the Rhizosphere
The key roles of plant roots are to anchor the plant, absorb water and essential nutrients as well as store the nutrients and accumulate and secrete a diverse array of compounds including several primary and secondary metabolites, proteins, and peptides [42] . There is therefore a relationship between the plant roots and the underground parts of the soil. The interface between plant root and soil is influenced by different interactions triggered by soil microorganisms and plants roots.
Plants release nutrients and other organic substances in the rhizosphere region which attract different kinds of bacteria [24] . There is a signal in the rhizosphere when a plant releases exudate from its root. These signals can recruit nitrogen-fixing and growth-promoting bacteria, for instance rhizobia. Plant species belonging to the family Fabaceae mainly benefit in this association. In addition, plant-produced flavonoids are also involved in the establishment of these associations [43] . Bacteria colonize the rhizoplane and the rhizosphere, which is an important interaction between the plant roots and the surrounding soil. There is a regular flow of organic substrates from the plant which the bacteria take advantage of and as a result promote the growth of the plant through provision of soluble inorganic nutrients and production of growth-promoting substances [44] . Hence, the level of interaction with the plant root is shaped by the nature of rhizodeposits and soil properties. In other words, rhizodeposition varies depending on the growth stages and species of the plant, in addition to the conditions of the environment [45] .
The soil physical structure supports the above ground part of the plant by the root system. The plant also requires certain essential elements from the soil such as N, P, K, S, Mg, and Ca (macronutrients) as well as B, Cu, Fe, Mn, Mo, Ni, and Zn (micronutrients). The presence of toxic elements in the soil can also limit plant growth.
Influence of Plant Exudates on Rhizosphere Microbial Dynamics
In a study by Mendes et al. [46] on soybean plants, certain bacterial groups with specific nutritional functions were more present in the rhizosphere when compared to the bulk soil. The bacterial groups included those that were involved in iron uptake and metabolism, membrane transport, nitrogen, phosphorus, and potassium metabolism. These nutritional traits might be of benefit to the plants and this implies that soybean plants may attract specific microbial groups from the bulk soil into the rhizosphere on the basis of the functional qualities that enhance their productivity. "Secretion system type IV" which falls under the membrane transport is involved in the mutualistic associations between bacteria and other organisms. This membrane transport is present in Acidobacteria, Proteobacteria, Actinobacteria and Bacteroidetes as reported by Mendes et al [46] . Thus, it is expected that those plants that need the secretion system for their optimal performance will have more bacterial communities associated with the above listed phyla ( Table 2 ). Microorganisms implicated in the metabolism of potassium are Rhizobium, Pseudomonas, Bacillus, and Flavobacterium. These bacteria are able to make potassium more available for plant use [47] , while the rhizobia are involved in nitrogen metabolism including nitrogen fixation.
The exudate from plants is also a determining factor of species richness and abundance in the rhizosphere. Carbon is one of the photosynthates fixed by plants which is partly transported into the root zone and excreted from root tissues. Various organic acids such as aliphatic and aromatic acids, amides, carbohydrates (glucose and xylose), fructose, lactic, malic, oxalic, pyruvic, succinic, and amino acids secreted from the root play roles in chemotaxis and are also referred to as PGPR bioactive factors [5] . Some examples of the amino acids are alanine, asparagine, glutamic acid, glutamine, isoleucine, leucine, serine, and valine. These acids, as well as other compounds, are released into the rhizosphere and thus serve as nutrients for rhizobacteria. The composition of plant exudates is cultivar dependent and is influenced by plant exposure to stress and the plant growth stage. Protists' growth inhibition, encystation, paralysis, and cell lysis [64] P. aeruginosa PUPa3 Phenazine-1-carboxamide Broad-spectrum antifungal activity and biofertilizing traits [65] 
Metabolites
The rhizosphere possesses a detailed dynamic ecological relationship between plant and microbes. A wide range of chemicals are usually secreted, and can be grouped as signaling compounds, growth regulators, and nutrient solubilizers. The determination of chemicals involved in this signaling can help in sustainable agriculture, most especially as biocontrol agents [66, 67] .
Some of the metabolites secreted by plant roots are (Table 3 ) glucoberin, 4-methyl-2-pentanone, alkaloids, amino acids, benzaldehyde, biochanin A, calystegine, cyanidin, dehydrotomatine flavonoids, formononetin, furfural, glycoalkaloids, glycosides, kaempferol, lectins, maeckiain, medicarpin, okundoperoxide, p-coumaric acid, peptides, phylloquinone, polyphenols, quercetin glycosides, rhamnoside, salicylic acid, terpenoids, tryptophan, γ-butyrolatone, γ-terpinene, α-tomatine, and α-tocopherol [68] . Besides plant metabolites, bacteria also secrete bacterial metabolites. Some of the bacterial metabolites are 2,4-diacetylphloroglucinol, 2-amino phenol, 2-amino phenoxazone, antibiotics, auxofuran, bacillomycin D, beta-1,3-glucanase, butyl 2-pyrolidone-5-carboxylate, chitinase, exoprotease, fengycins, hydrogen cyanide (HCN), indole-acetic-acid (IAA), lipopeptides, phenazine-1-carboxamide, phenazines, phosphate, phytotoxins, prodigiosin protease, pyochelin, pyoluteorin, pyoverdine, pyrrolnitrin, salicylic acid, siderophores, surfactins, and viscosinamide [69] .
Accumulations of secondary metabolites often occur in plants when they undergo various stresses, elicitors, or signal molecules. Synthesis of secondary metabolites increases when certain factors are involved. These factors are physical, chemical, and microbial factors [70] . Table 3 . Plant roots secrete a range of metabolites into the rhizosphere.
Plant

Metabolites Function of the Metabolites References
Sweet chestnut (Castanea sativa Mill.)
γ-butyrolactone, γ-terpinene, furfural, benzaldehyde, 4-methyl-2-pentanone Peculiar aroma, the most typical organoleptic characteristic of chestnut-based products [71] Tobacco (Nicotiana tabacum) Salicylic acid, alkaloids, flavonoids Plays a role in plant growth and development, photosynthesis, ion uptake, and transport. Resistant to pathogens by inducing production of pathogenesis-related proteins. UV filtration and symbiotic nitrogen fixation [72] Wheat (Triticum spp.)
Tryptophan For the biosynthesis of indole-3-acetic acid by associative bacteria [73] Legume seeds Flavonoids, alkaloids, terpenoids, peptides, amino acids Serve as eco-sensing signals for suitable rhizobacteria and arbuscular mycorrhizal fungal towards symbiotic mutualisms. Defense molecules against pathogens and insect pests.
[74]
Chickpea (Cicer arietinum)
Biochanin A, medicarpin, formononetin, maeckiain Not stated [75] Potato (Solanum tuberosum) Glycoalkaloids, calystegine, lectins They protect plants against phytopathogens [76] Spice (Scleria stiatinux) Okundoperoxide It contains antiviral and antifungal properties, also used as herbal tea for fevers [77] Tomato (Solanum lycopersicum) α-tomatine, dehydrotomatine Defend plants against attack by microorganisms and herbivores due to their insecticidal activity and have allelopathic effects on many weeds.
[78]
Metabolic Fingerprinting
Biochemical fingerprinting can be of great benefit for scientific and commercial purposes in relation to plant breeding, response of plants to biotic and abiotic stresses, and characterization of genetic mutants. The study of metabolic fingerprinting in the plant rhizosphere is important, because metabolites are low-molecular-weight compounds synthesized by plants for essential functions, especially growth and development, and specific functions such as defense mechanisms. Metabolites can be analyzed using various approaches which can be classed into five categories [79] : (i) Metabolite target analysis-this approach is target-driven where one or a few single compounds are analyzed, (ii) metabolic profiling-an assortment of metabolites already defined according to a class of compounds or based on their correlation with a particular pathway. Examples of such class of compounds are carbohydrates, fatty acids, organic phosphates, or amino acids, (iii) metabolic fingerprinting-fast analysis of samples through pattern recognition using high throughput technology, (iv) metabolomics-non-biased identification and quantification of all the metabolites in a biological system, and (v) metabonomics-the measurement of dynamic changes across the metabolome of living systems with respect to time in response to physiological stimuli or genetic alteration [79] . Multiple methods are required to analyze different subsets of metabolites due to differences in volatility, polarity, solubility, and chromatographic behavior [80] .
In the metabolic fingerprinting approach, the goal is not to classify each detected metabolite but to correlate patterns and fingerprint the metabolites that change in response to disease, toxin exposure, and environmental or genetic alteration [79] .
The Use of Omics Techniques to Analyze the Rhizosphere
Next generation sequencing (NGS) has been used to infer the microbial community structure of the rhizosphere and the core microbial community. This has led to better understanding of the structure, abundance, spatial distribution diversity, and important members of the rhizosphere community [81] . Plants in which this platform has been studied include pea, soybean, corn, wheat, and oat [82] . The NGS tools are metagenomics, metatranscriptomics, metaproteomics, and metabolomics. A review on this has been done by White III et al. [81] . Although each omics study has its advantages and disadvantages, to better capture the structure and diversity in the rhizosphere, it is advisable to carry out multi-omics analysis which is a modern approach in system biology.
Conclusions and Future Outlooks
This review showed that different metabolites are found in rhizobacteria. They have a relevant role to play in agriculture as these metabolites are responsible for stimulating plant growth, suppressing diseases such as fungal phytopathogens and plant-parasitic nematodes by production of cyanide, siderophores, ammonia, and other volatile metabolites. Another benefit is that they have a positive effect on the growth of plants under abiotic stress such as salinity or drought. In crop production, these rhizobacteria can be used to improve crop yield by acting as biofertilizers, thereby helping to reduce reliance on chemical fertilizers and pesticides, which are known to pollute the environment. Furthermore, biofertilizers have the advantage of being eco-friendly and cheap.
Research in soil microbiology has largely been focused on the analysis of microbial processes that take place in the soil. We need to understand the microbial populations because they are the basic assemblages that drive these processes. It is undergoing a rapid transition where interdisciplinary approaches are required. It involves the collaboration in many areas of science like biology, physics, bioinformatics, mathematics, statistics, and computer science. Thus, to better understand the rhizosphere and develop new natural products, in-depth research will be needed in future where techniques, state-of-the-art technologies, along with robust data software and analysis are used.
The study of the rhizosphere is a rapidly advancing area of research and there has been tremendous progress in the usage of genetic fingerprinting techniques to study rhizobacterial communities that are found in the rhizosphere. However, quantitative assessment is still a huge challenge, due to the biases which are associated with the isolation of nucleic acids (DNA or RNA) and PCR, and none of these techniques provide full understanding and access of the genetic diversity of the bacterial community. Thus, omics studies are important tools which can be used to identify and characterize the microbial genes and functions that help microorganisms thrive in the plant rhizosphere. Such information will help improve the ability to fight plant diseases, and promote beneficial bacterial functions for agriculture, which will have direct positive effects on global food production, thereby enhancing food security.
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